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Effects of ripening temperature on the chemical and microbiological
characteristics of salmon Izushi

MASANORI SASAKI,* Yujt KAWAI? MAMORU YOSHIMIZU? AND HARUO SHINANO?

1Hokkaido Kushiro Fisheries Experimental Station, Kushiro, Hokkaido 085-0027, Faculty of Fisheries
Sciences, Hokkaido University, Hakodate, Hokkaido 041-8611, 3Hokkaido Industrial Technology Center, Hako-
date, Hokkaido 041-0801, Japan

The effects of ripening temperature on the chemical and microbiological characteristics of Zzushi made of
chum salmon (Oncorhynchus keta) were investigated. Izushi were ripened for a cumulative temperature 280°C « d
at 5, 10, 15 and 20°C. When ripened at higher temperatures, total acid, volatile basic nitrogen, free amino acid,
aerobic bacteria, and lactic acid bacteria obviously increased in Jzushi products, and pH values and yields of the
products were reduced. For lactic acid bacteria, Leuconostoc mesenteroides was dominant in the Izushi at every
ripening temperature. In the Izushi ripened at 5°C, Saccharomyces cerevisiae was dominant for yeast, whereas yeast
was not detected in that ripened at 10, 15 and 20°C. In sensory evaluation, Jzushi ripened at higher temperatures
were not so acceptable as those ripened at at lower temperatures. These results suggested that high-quality
salmon Izushi might be produéed by ripening at lower temperature for a long period.
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Ripening temperature
5°C 10°C 15°C 20°C
df df (o] d
2 || Vinegary flavor 2 || Vinegary flavor 2 || Vinegary flavor Much fluid
Flesh and firm materials Flesh and firm materials Flesh and firm materials
o Pellicles, cloud, bubbles
7 | Cloud and bubbles influid 7 | Cloud and bubbles in fluid 7 | Much fluid with cloud Strong acid flavor
Sweet aroma Sweet aroma and bubbles 7 | Expanded pellicles
10 Sweet-and-sour flavor
12 | Pellicles 12 | Generated larger bubbles
5 15 | Pellicles on fluid surface 15 || Expanded pellicles 15 ' Stronger alcoholic, acetic
'8 v and pickles-like flavor
5 20 19 Y Expanded pellicle over gg?g;:gkf)i;idniggtdw—
o fluid surface
: i i i d
o Expanded pallici Cloud and much sour fluid Excessively ripene:
£ 24 0\)/(2? frl]ui?i Sz?f;z: s Light-colored deteriorated
% fish meat with sour flavor
.DQ:' 28 ' Sweet aromatic Excessively ripened
30 Izushi flavor

in rice and vegetables
Deteriorated fish meat

41 | Pellicles on fluid surface

Specific /zushi flavor
Sweet and umami taste
in fish meat, rice and
vegetables

54

Sweet but savorless taste

Fig. 1 Sensory evaluation of salmon Izushi during the ripening process at various temperatures.
Tzushi samples were initially kept for 2 d at 10°C and then ripened at various temperatures while loading with stone weights.
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Fig. 2 Changes in pH value (a) and total acid content (b)

of salmon Jzushi during the ripening process at various
temperatures.
Lzushi samples were initially kept for 2 d at 10°C and
then ripened at various temperatures while loading
with stone weights. Symbols: 0, 5C; @, 10°C; A, 15
C; A, 20°C.
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Table 1 Chemical characteristics of salmon Jzushi ripened at various temperatures

o Ripening . Ripening pH Total acid VB-N Extractive-N Moisture Salt
temperature (°C)  period (d) (g/100g)  (mg/100 g) (mg/100 g) (g/100g) (g/100g)
Raw fish meat 6.2 0.29 14.8 850 73.0 0.03
Pickled fish meat 4.8 0.60 9.8 580 — 0.03
Sub-materials 4.9 0.11 5.0 80 66.3 0.3
Fish meat 10 2 4.6 0.49 5.0 580 70.2 1.9
5 54 4.7 0.44 11.0 500 64.3 2.3
10 28 4.6 0.50 28.2 510 63.9 2.4
15 19 4.2 0.82 50.8 530 64.8 2.2
20 15 4.1 1.10 56.0 820 61.8 2.5
Sub-materials 10 2 4.9 0.32 3.5 290 75.3 1.9
5 54 5.1 0.37 7.7 340 71.8 2.3
10 28 4.9 0.39 13.8 350 TLT 2.4
15 19 4.5 0.54 41.5 400 71.5 2.2
20 15 4.3 0.87 42.0 550 72.3 2.6

Tzushi samples were initially kept at 10°C for 2 d and then ripened at various temperatures loading with stone weights for a cumulative temperature
280°C-d.
— : not determined.

Table 2 Free amino acid compositions of salmon Jzushi ripened at various temperatures (mg/100 g)

Raw Pickled Boiled Fish meat Sub-materials
T em e VRPN NS RT R W S BB O
Taurine 51 34 ND tr 21 12 16 12 14 15 13 15 12 16
Aspartic acid 4 6 tr tr 5 24 20 30 60 tr 26 15 32 67
Threonine 14 12 12 206 22 65 66 70 107 38 75 73 84 127
Serine 9 10 4 26 10 33 32 38 65 13 38 35 47 80
Glutamic acid 30 17 4 36 15 55 57 76 136 14 58 55 73 152
Proline ND ND ND tr 5 27 31 25 37 6 37 29 23 43
Glycine 13 10 3 2 7 21 22 38 94 7 23 28 4 117
Alanine 35 25 6 89 22 65 74 86 155 29 77 94 103 200
Valine 8 11 4 15 12 48 49 62 82 11 53 58 68 101
Methionine 6 6 2 4 10 47 45 47 67 7 52 47 47 77
Isoleucine 5 6 3 10 7 41 39 45 6 7 46 44 53 7l
Leucine 11 13 7 6 25 100 94 108 159 19 111 102 116 179
Cystine ND ND ND 3 ND ND ND 9 27 ND ND tr 11 34
Tyrosine 7 8 4 6 10 59 51 32 12 7 61 52 14 10
Phenylalanine tr 13 12 16 25 76 69 65 62 18 76 62 53 63
Lysine 64 21 13 7 43 132 128 123 185 32 141 128 128 196
Histidine 19 11 5 9 8 21 21 32 42 8 26 22 25 41
Arginine 5 7 7 10 13 86 68 2 4 16 8 63 ND 2
Total 281 210 86 445 260 912 882 900 1369 247 991 922 933 1576

Izushi samples were initially kept at 10°C for 2 d and then ripened at various temperatures loading with stone weights for a cumulative temperature
280°C-d.

ND: not detected.

tr: trace (<1.0 mg/100 g).

DEATE, EEEEGTLAEICEL-> T, pHDET, VB- 580 mg/100 g TH - 7=, BIFKID pH 13 4.9, fAEAEIL
N IFZAREROBIBAEON, BIAREBRO A 0.11g/100 g, K5 &EiL 66.3g/100g TH > 7z, BF

WiZpH 4.8, VB-N (1 9.8mg/100g, T AREEET TLTR, BBRELEWITE, BALTLEIEESOB
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Table 3 Microbial counts of salmon Izushi ripened at various temperatures

Ripening temperature Ripening period Aerobic bacteria Lactic acid bacteria Yeast

(°C) (d) (CFU/g) (CFU/g) (CFU/g)
Fish meat 10 2 2.3x 106 6.6 %105 9.5x104
5 54 1.6x106 4.3x10° 8.2x104

10 28 5.9x107 8.5x 107 ND

15 19 4.6x10° 5.5x10° ND

20 15 8.4x10° 5.6 x10° ND
Sub-materials 10 2 4.4x10° 4.3x106 1.0x 105
5 54 2.9x107 2.4x107 3.2x106

10 28 5.9x107 2.2%x108 ND

15 19 2.6 x 1010 2.8x1010 ND

20 15 1.0 x 1010 9.8 x10° ND

Lzushi samples were initially kept at 10°C for 2 d and then ripened at various temperatures loading with stone weights for a cumulative temperature

280°Ced.
ND: not detected.
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Bl BB #8113 % 1 Z M Bacillus J& 778 % £ 72 % ,
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& 22% HHOTW, BEWTL TR, BRI LEIR
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Micrococcus J& 72 32% & 239%, 10°C X Tl Bactllus &
MB39% & 47 % , Micrococcus J& 7542 % » 41 % ,
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Fish meat
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Ripening condition
Fig. 3 Aerobic bacterial flora in the final products of
salmon Jzushi ripened at various temperatures.
Ripening conditions are shown as temperature, °C and
period, d. Izushi samples were initially kept for 2 d at
10°C and then ripened at various temperatures while
loading with stone weights. Analyses were done
separately for parts of fish meat and sub-materials in
the Jzushi samples. Columns: B, Bacillus spp. (184);
M, Micrococcus spp. (35); S, Staphylococcus spp. (8).
The numbers of isolates are represented in paren-
theses.
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DBNT, T D 14 BRIZUBRERE O Db 5% 2
T % 7B FeEE R O Pediococcus acidilactici |~ FH24 4 % &5
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TR L7 BASZAS &, PEHH (10C T2 HER)
Tl3, Leuconostoc mesenteroides 75 100% T2 - 7= 7%,
WD BB X D B\ L C & Leuconostoc mesen-
teroides 7> 50~70%, Enterococcus feacalis 75 25~37%
), TOEMISCK, 100CKE LU 15CRDOA
“C Pedioccus acidilactici 78 25~109% b bz, EIE

Fish meat
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Ripening condition
Fig. 4 Lactic acid bacterial flora in the final products of
salmon Jzushi ripened at various temperatures.
Ripening conditions are shown as temperature, °C and
period, d. Jzushi samples were initially kept for 2 d at
10°C and then ripened at various temperatures while
loading with stone weights. Analyses were done
separately for parts of fish meat and sub-materials in
the Tzushi samples. Columns: L, Leuconostoc mesen-
teroides (135); E, Enterococcus feacalis (75); P,
Pediococcus acidilactici (14). The numbers of isolates
are represented in parentheses.

BHB% & 5 &, SBT3 Leuconostoc mesenteroides
& Enterococcus feacalis 7> %= 1 % 1 38.5% , Pedioccus
acidilactici 73 23% % G 7=, HEWTL TE, wWIh
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ETHRRBDOENI, LA T, BERWTLORAAT
o Bl FRBHED & 41T, #LE B T3 Leuconostoc mesen-
teroides \ZJB 3 AL ONBERAETH D, BHIEEDEZED
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BSRMBETEE LW LOBEBOEE Al
(10°C T2 HE) & 5C THR L7\ 1 LA HERITE
5100 BkSBES N7z, TN 6 DOEFOHT 75 b Sac-
charomyces cerevisiae |~ [F & X h /=, ¥ 7=, 15HKE
Pichia anomala \ICFE T NZ@ETH > 720 SHICT
1kiZ Debaryomyces hansenii IZFE S N7z, 0 3 HRIE,
Candida parapsilosis IZ[FE I NAEKTH > 720
PR E CHLE L 22\ L OB RO % Fig 0
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Fish meat Sub-materials
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Fig. 5 Yeast flora in the final products of salmon Jzushi
ripened at various temperatures.
Ripening conditions are shown as temperature, °C and
period, d. Izushi samples were initially kept for 2 d at
10°C and then ripened at various temperatures while
loading with stone weights. Analyses were done
separately for parts of fish meat and sub-materials in
the Tzushi samples. Yeast was not detected in the
Izushi ripened at 10, 15 and 20°C. Columns: S, Sac-
charomyces cerevisiae (75); P, Pichia anomala (15); D,
Debaryomyces hansenii (7); C, Candida parapsilosis
(3). The numbers of isolates are represented in paren-
theses.
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